The first Thomson scattering measurements of n e and T e in the divertor region of a tokamak are reported. These data are used as input to boundary physics codes such as UEDGE and DEGAS and to benchmark the predictive capabilities of these codes. These measurements have also 
INTRODUCTION
In this paper we describe the commissioning (summer, 1995) of the Divertor Thomson Scattering (DTS) System for the DIII-D tokamak, which has been used to measure the complete two-dimensional density and temperature profiles in the tokamak divertor plasma below the X-point for the first time. This work is motivated by the need to reduce the expected scrape-off layer energy and particle transport to the divertor target plates by more than an order of magnitude in future high power tokamaks such as the proposed ITER device. The most likely means for achieving this will be to seed the divertor with impurities in order to increase the local radiative losses. Our measurements are significant because they document for the first time in these highly radiating plasmas how n e and T e vary on magnetic flux surfaces in the divertor with sufficient spatial resolution to allow comparison with theoretical predictions of heat and particle transport.
In the remainder of this paper we discuss the design of the system, important features unique to the low temperatures found in the divertor, calibration, and test results. Finally, we show typical density and temperature data from a divertor plasma in which deuterium gas injection was used to raise the divertor neutral pressure and radiative losses to the point where almost all the power flowing in the SOL is lost via atomic processes such as radiation and charge exchange. In this case, we find very low temperatures (below 2 eV) throughout the divertor region, a sharp drop in electron plasma pressure along flux surfaces, and a radial shift in the peak of the density profile.
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II. SYSTEM DESCRIPTION
This system is an extension of the pre-existing 8 laser, multipulse
Thomson scattering diagnostic previously reported. 1 Additional techniques and methods used to reduce the stray light level are given in a companion paper at this conference. 3 A two-element f /6.8 collection lens images the 20 cm vertical scattering region onto 12 rectangular fiber arrays (1.5 mm × 3.0 mm) with a system demagnification of 0.29. The lens structure and fiber arrays In an effort to mitigate the expected high background light levels, carbon tiles on the floor of the vessel were recessed slightly to minimize the plasma-wall interaction in this region. High heat fluxes in the divertor precluded using razor blade viewing dumps.
The divertor region also presented access difficulties which prevented the use of a retractable laser beam alignment target. Instead, we rely on a careful initial alignment when the machine was vented and targets could be placed in the vessel, and on in situ alignment monitors 7 
II. TESTING AND CALIBRATION
Each detector, together with its electronics, is individually calibrated for gain and noise level in a separate test stand using both pulsed (10 ns which includes collective effects, such as that given by Salpeter, 9 is required. In the present configuration, detector saturation usually prevents measurements with α > 0.8. This condition could be alleviated by reducing the detector gain or attenuating the light level with apertures.
The observations of scattered spectrum with α near 1, suggests the future possibility of extracting ion temperature and Z eff information from these spectra by using a high dispersion resolving instrument such as a FabryPerot.
In order to check for systematic errors, we can compare how well the 
IV. RESULTS
The time evolution of T e and n e at three different locations in the divertor showing changing divertor conditions during gas puffing are shown in Fig. 7 . The measurement at z = -116 cm is located inside the last-closed-flux-surface, LCFS, near the edge of the main plasma as shown in the insert of Fig. 8 . The measurement at z = -125 cm is in the scrape-off-layer, SOL, near the X-point, and the measurement at z = -133 cm in located in the private flux region. The reconstruction of the magnetic equilibrium is done with the code EFIT, 11 which typically determines the LCFS position to ±0.5 cm. However, near the X-point, the accuracy is estimated to be a few cm. The determination of where the outer divertor leg intersects the floor is estimated to be ±1 cm.
When the gas puff is turned on, T e in the private flux region decreases and n e increases. At about 2750 ms, there is a sharp increase in n e in the SOL and private regions but not inside the LCFS. This is indicative of plasma detachment and MARFE formation. Several of the T e and n e spikes are associated with the occurance of an ELM during the laser firing time.
Spatial profiles of divertor T e and n e taken along the laser path are shown in Fig. 8 at three different times for the discharge shown in Fig. 7 . Two-dimensional mapping of T e and n e in the divertor region can be obtained by radially sweeping the X-point through the laser beam path during a steady discharge. Plots of T e , n e , and P e constructed in this way are shown in Fig. 9 . Using this technique, a large portion of the divertor region can be examined to study the structure of detached and radiative divertor configurations. In the partially detached L-mode shown in Fig. 9 , high density is observed in the region from the floor to the X-point. This high density region is not located at the separatrix but forms a few cm just beyond it in the SOL. Low T e in the range of 1-3 eV accompany this high density region with higher temperatures observed in the SOL outside the X-point region. The electron pressure is highest near the are from DTS and the small points are from the probe. The square points were taken during the probe insertion and the circles during the probe extraction. The DTS data were taken just before the probe insertion and just after its extraction.
A new reciprocating Langmuir probe has recently been added to the divertor region on DIII-D. 13 This probe measures n e a n d T e in the divertor region at the same major radius as the DTS system but at a different toroidal location. Two probe plunges were made at 1979 ms and 3182 ms for the discharge shown in Fig. 7 . The effect of the probe plunge on the DTS measurements can be seen by the reduction of T e (-125 cm) at these times. Other DTS channels do not show a reduction in T e . It is believed that the shadow of the probe only propagates to the DTS location when the field lines are predominately toroidal. This condition exists only near the X-point location.
Comparisons of DTS results with Langmuir probe measurements are shown in Fig. 10 . At 1979 ms, before the D 2 gas puff, there is generally good agreement with DTS measured n e slightly higher and T e lower near the divertor floor. The high spatial resolution of the probes shows significant structure in the SOL region between the private flux region and the separatrix. After the D 2 gas puff at 3182 ms, there are significant differences between the two measurements. DTS measures higher n e and lower T e in the private flux region near the floor. Above this region the agreement is somewhat better on average. Understanding the nature and causes of these discrepancies is currently an area of active research. 
